This section describes the benchmark test results of the ResQ program, which was designed to quantitatively estimate B-factor and residue-level error in protein structure prediction (1).
] in the AUC calculation, so that a fixed number of divisions can be used for different data samples to draw the ROC curves.
The third metric for evaluating the RSQ prediction is the average difference (∆d) between d p and d o , i.e.
where L is the length of the protein.
The B-factor profile (BFP) prediction is evaluated by the Pearson's correlation between the predicted and the experimental B-factors, which was also used in previous B-factor prediction studies (7, 8) .
Similar to the RSQ evaluation, we also use AUC for measuring the ability in discriminating between stable and flexible residues in structures, where a residue is defined as stable (positive) if the normalized B-factor is below 0 or as flexible (negative) otherwise. Similarly, for even ROC division we renormalized the predicted B-factor values (b) to the range of (0, 1) by 1/[1+exp(-b)].
Test results of residue-specific quality prediction
ResQ was applied to the first I-TASSER models of the 635 testing proteins to estimate the distance of each residue to the native structure. As shown in Table S1 , the average distance predicted by ResQ (d p ) is 3.4 Å, which is consistently lower than the observed distance (d o ) of the residues on the models to that on the native (4.3 Å), resulting in an average difference between d p and d o , ∆d=2.4 Å. This consistent reduction of distance estimation relative to the native structure is mainly due to the lower distance estimation for the residues of large modeling errors (1).
We further split the test proteins into two groups, following the I-TASSER confidence score (C-score),
i.e., the high-and low-confidence groups with a C-score above or below -1.5, a cutoff that was proofed to generate the lowest false positive and false negative rates for the I-TASSER modeling (9) . As expected, the I-TASSER models with a higher C-score have a much better quality (TM-score=0.8) than
that of a lower C-score (TM-score=0.4). Accordingly, the RSQ prediction for the high C-score proteins is much more accurate (∆d=1.4 Å) than that of low C-score ((∆d=6.4 Å), and the average PCC and AUC are 30% and 14% higher, respectively, for the high C-score models than that for the low C-score models (Table S1 ). In Table S2 -S4, we also list the results of ResQ on the CASP9 and CASP10 models in comparison with the top-performing model quality assessment programs (MQAPs). These data showed that ResQ outperforms most of the MQAP methods in the local quality estimation of protein structure predictions. 
Results of B-factor prediction
Three approaches of ResQ were tested to generate B-factor predictions. The template-based prediction is generated by transferring the B-factors of the template proteins as detected by threading, while the profile-based prediction is by training the BFP data on the sequence profile generated from the PSI-BLAST search. The third combination-based approach is to train the BFP by a combination of both threading template and sequence profiles. A summary of the PCC and AUC between the observed and predicted B-factors by the three approaches are listed in Table S5 .
The profile-based approach generated a slightly higher PCC value (0.59) than the template-based approach (0.54), while the combination of the threading templates and sequence profiles achieves the highest PCC (0.61). The difference between the two methods (profile-based and combined) is statistically significant with the p-value of the student t-test below 10 -12
. A similar tendency is followed by the AUC assessment, where the combined prediction outperforms both template-or profile-based prediction methods. 
